We study return predictability of stock indexes of blue chip firms and smaller hightechnology firms in Germany, France, and the United Kingdom during the second half of the 1990s. We measure return predictability in terms of first-order autocorrelation coefficients, and find evidence for return predictability of stock indexes of smaller hightechnology firms, but no evidence for return predictability of stock indexes of blue chip firms. Our findings suggest that a leading candidate for explaining the economic sources of return predictability of stock indexes of smaller high-technology firms is transaction costs.
Introduction
In an integrating world economy, new and revolutionary products form the basis of the international competitiveness of firms, industries, and entire economies.
New and revolutionary products are often not developed by established large and financially strong firms, but by young and highly innovative firms. Such hightechnology firms undertake extremely risky investment projects. Because of the innovative nature of the high-technology firms' investment projects, investors often find it difficult to collect comprehensive and reliable information concerning the business prospects of high-technology firms. As a result, high-technology firms have limited access to regular stock markets, markets for bank credits, and markets for other forms of external financing important to financing their research and development activities (see Berger and Udell 1998 , Harhoff 1998 , Hall 2002 , Westhead 1997 , to mention just a few).
In an attempt to remedy this problem, many European stock exchanges established special stock markets for smaller high-technology firms in the second half of the 1990s. 1 The establishment of these markets was intended to give young and innovative high-technology firms access to well-structured and sufficiently liquid capital markets. The creation of special stock market segments on which high-technology firms can issue their shares should, in principle, help to lower market-entry costs for such firms. At the same time, indexes composed of stocks traded on special stock markets for high-technology firms should lower information costs for investors.
A condition that must be satisfied in order to ensure that investors' scarce investment funds are optimally allocated among the most productive investment projects available in an economy is that stock markets are efficient in the sense of the efficient market hypothesis. This hypothesis rests on the assumption that the information set used by agents to form their rational forecasts of future expected returns contains all the information relevant to the pricing of financial securities.
A financial market is called weakly efficient if this set of information incorporates all the information already embedded in past returns (Fama 1970) . Hence, in a weakly efficient financial market, returns are not predictable in the sense that it is not possible to forecast returns on a particular day by using returns observed on a previous day, implying that there should be no autocorrelation in stock market returns.
Empirical studies of stock market efficiency are legion, but only a few authors have empirically studied the efficiency of Europe's stock markets for hightechnology firms. 2 This is a serious shortcoming of the earlier empirical literature because market efficiency is particularly important as regards stock markets for high-technology firms. For many investors, efficient stock markets for hightechnology firms are an ideal, and often the only platform for collecting, processing, and aggregating dispersed information about high-technology firms at low costs. 3 At the same time, the bubble-like phenomena of the late 1990s stimulated many commentators to discuss whether stock markets for hightechnology firms worked rather inefficiently. Our empirical analysis should help to inform this discussion of the efficiency of Europe's stock markets for hightechnology firms.
We studied the efficiency of Europe's stock markets for high-technology firms by analyzing the predictability of daily continuously compounded returns of indexes of smaller high-technology firms in France, Germany, and the United Kingdom. Studying stock markets in these three countries is of particular interest because all of them developed a particular segment for high-technology firms in the second half of the 1990s, and because these countries differ with respect to their financial market structure. According to the study by Beck and Levine (2002) , the United Kingdom is a leading market-based economy, while France and Germany are both bank-based economies.
In order to analyze predictability of stock index returns, we estimated a timevarying parameter model. The model we estimated is similar to the models that have recently been used by Urga (2000, 2001) and Zalewska-Mitura and Hall (1999) to study return predictability. We estimated a time-varying parameter model because Europe's stock markets for high-technology firms are new markets that were established only in the 1990s. As a result, a time-varying parameter model is likely to yield interesting insights into the working and evolution of these markets. Specifically, our model renders it possible to study (i) whether there was predictability in returns of Europe's stock markets for hightechnology firms, (ii) whether return predictability changed over time, and (iii) whether similar patterns of return predictability can be detected across European stock markets for high-technology firms. Our main finding is that the returns of European stock indexes of high-technology firms, as measured by the first-order autocorrelation coefficients, were predictable. This positive autocorrelation of returns is consistent with empirical results that, beginning with Cowles and Jones (1937) , have been reported in numerous contributions to the empirical finance literature. We found that, despite the significant changes in the structure of European stock markets for high-technology firms that took place in the 1990s, the positive first-order autocorrelation coefficient was remarkably stable over time.
What were the sources of the return predictability of European stock indexes of high-technology firms? To answer this question one has to take into account that return predictability is a necessary but a by no means sufficient condition for market inefficiency. A number of competing explanations for return predictability have been developed in the finance literature (see Mech 1993 , Lo and MacKinlay 1990 , Shiller 1984 , Conrad and Kaul 1988 , to mention just a few). In order to trace out the likely sources of return predictability of European stock indexes of high-technology firms, we adopted a three-step approach.
In the first step, we estimated a time-varying parameter model to study the return predictability of stock indexes of European blue-chip firms. Consequently, in the second step, we estimated models that render it possible to shed light on the likely sources of return predictability of Europe's stock markets for high-technology firms. We concentrated on examining the contribution of two factors to return predictability: noise trading and transaction costs. Noise trading in the form of so-called positive feedback trading has been suggested in a recent empirical study by Bohl and Reitz (2004) as a source of the return predictability of one of the European stock market indexes for hightechnology firms that we also study: the German Neuer Markt. To take their argument into account, we followed Sentana and Whadwani (1992) and estimated an empirical model that allows the relevance of the positive feedback trading hypothesis to be studied. We found that, during phases of very high stock market volatility, feedback trading may account for the differences between Europe's stock markets for high-technology firms and markets for blue-chip firms with regard to return predictability. However, we also found that positive feedback trading is unlikely to account for the persistent and positive autocorrelation in the returns of stock market indexes for high-technology technology firms that we found in our empirical analysis.
Therefore, in the third step, we studied whether transaction costs may account for the return predictability of Europe's stock markets indexes for hightechnology firms. We focused on transaction costs because transaction costs should in general be high if the collection of dispersed information about the firms listed on a stock market is relatively costly. With regard to blue-chip firms, the costs of collecting and processing information are relatively low because the business strategies of these firms are well known to investors. With regard to high-technology firms, however, the costs of collecting and processing information are relatively high. The reason for this is that many firms listed on Europe's stock markets for high-technology firms operated in the information and communication industry. The growth of this industry gained momentum only in the 1990s. Thus, investors had hardly experience in evaluating the business strategies of Europe's high-technology firms. As a result, they had to expend time and resources to develop strategies to collect and process information, and these expenses raise transaction costs (Merton 1987) . Moreover, in an environment in which investors have to learn how to evaluate business strategies of hightechnology firms, problems of moral hazard are likely to be severe. In such an environment, transaction costs, defined as costs of collecting and processing information, inhibit arbitrage, and this implies that stock prices reflect information only partially (Grossman and Stiglitz 1980) . The result is a delay in the transmission of new information into stock prices and, in consequence, return predictability.
To study whether transaction costs were a source of return predictability, we estimated empirical models that were developed by Mech (1993) and Ogden (1997) . We found evidence supporting their models. Results indicate that transaction costs at least partially account for the return predictability of indexes of European stock markets for high-technology firms. This result, of course, does not rule out that other factors like, for example, positive feedback trading also gave rise to return predictability. However, while we found, consistent with positive feedback trading, an "overshooting" of returns to the arrival of new information, we also found that positive feedback trading alone cannot account for the return predictability. Our result add a new and interesting facet to the discussion on the sources of the (in-)efficiency of Europe's stock markets for high-technology firms.
We organize the remainder of this paper as follows. In Section 2, we describe the time-varying parameter model we used to study return predictability. We also describe the data we used in our empirical study, and we report our estimation results. In Section 3, we study the sources of return predictability. We report that transaction costs are likely to be an important source of return predictability in returns of European stock market indexes for high-technology firms. In Section 4, we summarize our main results and offer some concluding remarks.
Testing for Return Predictability
To study return predictability, we used a time-varying parameter model. A model with time-varying parameters renders it possible to keep track of the evolution of European stock markets for high-technology firms in the 1990s. These markets were beleaguered by bubble-like phenomena in the second half of the 1990s. The significant run-up and later crash of stock prices led to substantial reorganizations of these markets over time. The stock market bubble and the ensuing reorganization of markets are likely to be sources of instability of time-invariant parameters in a conventional regression model.
The Data
In order to study whether financial market structure and the technologyorientation of firms matter for predictability of stock market returns, we used various daily stock market indexes for France, Germany, and the United Kingdom.
As blue-chip indexes, we used the DAX30, the CAC40, and the FTSE100. The DAX30 is an index based on the 30 largest German firms officially listed on the In order to get the ball rolling, Figure 1 -Insert Table 1 about here. - Table 1 offers summary statistics of continuously compounded returns. In all cases, the mean of the returns is almost zero, the skewness of the unconditional returns distribution is slightly negative, and the unconditional returns distribution is leptokurtic, i.e., its kurtosis exceeds that of the normal distribution. Thus, the unconditional returns distribution has "fat tails." There is also evidence for a significantly positive first-order autocorrelation coefficient. The autocorrelation coefficients of orders larger than one are in general very small. There is also strong evidence for autocorrelation in the squared returns, implying the presence of volatility clustering and GARCH effects. All in all, Table 1 highlights that the summary statistics of returns closely resemble the summary statistics and "stylized facts" of other financial market data (Lux and Marchesi 2000) . Table 2 summarizes the results of tests for stability of parameters in regressions of returns on a constant and on lagged returns. These results indicate that in many cases the constant in such regressions is not stable over time. We found evidence for structural shifts in the constant in the case of the Nemax50, the Nouveau Marché, and the Techmark100. Changes in the constant capture the significant ups and downs of stock prices for high-technology firms in the 1990s.
The results further indicate that the parameter of lagged returns was relatively stable over time. There is some evidence for structural breaks in the parameter of lagged returns in the case of the Nouveau Marché, the CAC40, and the FTSE100 at a marginal significance level of 10%.
Taken together, the results suggest that return predictability was relatively stable over time. However, it could be the case that, given that the European stock market segments for high-technology firms were established only in the 1990s, the efficiency of these markets and, hence, the return predictability might have gradually changed over time. In order to capture such gradual changes, we used a time-varying parameter model that provides a maximum amount of flexibility in tests for changes in predictability over time.
-Insert Table 2 about here. -
The Empirical Model
To measure return predictability, we used a time-varying parameter model similar to the models that Zalewska-Mitura and Hall (1999) and Urga (2000, 2001) have recently developed. The time-varying parameter model we estimated has the following form:
where (1) stipulates that stock market returns, , are equal to a time-varying intercept,
β , times lagged returns plus a stochastic disturbance term. Equation (2) implies that the time-varying intercept and slope coefficients follow random-walk processes. Hence, the only source of variation in β is due to the variance of the respective stochastic disturbance terms, and . The stochastic disturbance terms, and , are independently normally distributed and are uncorrelated with each other, . Equation (3) implies that the stochastic disturbance term in Equation (1) follows a GARCH(1,1) process. This allows the "fat tails" property of the distributions of returns commonly found in high-frequency financial market data to be taken into account (see also Table 1) .
Empirical Evidence
The results of estimating the model described in Section 2.2 are given in Table 3 . 5 A visual representation of the results is given in Figure 2 for Germany, Figure 3 for France, and in Figure 4 for the United Kingdom. 6 In the first rows of these figures, we plot the respective stock market indexes. In the second rows, we plot the intercept coefficient,
β . In the third rows, we plot the first-order autocorrelation coefficient,
β . In the fourth rows, we plot the estimated 4 Harvey (1992) and Kim and Nelson (2000) provide detailed descriptions of the Kalman filter approach. To estimate the model, we used the algorithm proposed by Harvey, Ruiz, and Sentana (1992) . We used Gauss 3.6 to implement the Kalman filter approach. Further, we used the computer programs described in Kim and Nelson (2000) .
conditional variance of returns implied by the GARCH model. In the first column, we plot results for indexes of stock markets of blue-chip firms and in the second column we plot results for indexes of stock markets of high-technology firms.
-Insert Table 3 β , we found that this coefficient is relatively stable and insignificant as regards the indexes of stock markets for bluechip firms as compared to the indexes of stock markets for high-technology firms. The intercept coefficient of the model we estimated for indexes of stock markets for high-technology firms shows a peak around the time of the tremendous upswing of stock prices in these markets that took place in 1999/2000. This indicates that the variation in the coefficient, β , we found that this coefficient is insignificant as regards the stock markets for blue-chip firms. As regards stock markets for high-technology firms, we found significantly positive first-order autocorrelation coefficients in all three markets. While the first-order autocorrelation coefficient of the Nemax50 was remarkably stable over time, there are fluctuations in the first-order autocorrelation coefficients of the Nouveau Marché and the Techmark100. Notwithstanding, a main result is that the first-order autocorrelation coefficients and, thus, the predictability of Europe's stock markets for high-technology firms was surprisingly stable over time.
From the results summarized in Figures 2 to 4, we draw two conclusions. First, because there is no evidence for return predictability of indexes of blue-chip firms, the return predictability of indexes of European stock markets for hightechnology firms must have been caused by factors specific to the hightechnology industry in Europe. Second, because of the stability of return predictability over time in the case of high-technology firms, predictability was not mainly caused by rapid changes in market sentiment or changes in conditions which characterized European stock markets in the 1990s. For example, as we will argue in more detail in Section 3, it is unlikely that return predictability in the case of high-technology firms was entirely due to investor sentiment and, e.g., feedback trading.
With regard to the estimated conditional variance, we found that, in all markets, conditional variance is highly persistent. This can be seen be adding the ARCH coefficient, 1 η , and the GARCH coefficient, 2 η . As in many other empirical studies of daily financial market time series, the sum of these coefficients is close to, but strictly smaller than, unity. As one would have expected, the conditional variance is always larger in the case of the stock markets for high-technology firms than in the case of blue-chip firms.
Explaining the Predictability of Stock Returns
In this section, we discuss two factors that might have caused the predictability in returns of indexes of European stock markets for high-technology firms. We start by analyzing whether noise trading has caused return predictability. Shiller (1984) , Sentana and Whadwani (1992) , and others have suggested noise trading as a source of return predictability. In a recent empirical study, Bohl and Reitz (2004) have studied noise trading as a source of the predictability of the Nemax50. We then proceed and study whether transaction costs explain the return predictability of European stock markets indexes for high-technology firms. Transaction costs as a source of return predictability have been studied, for example, by Mech (1993) , Ogden (1997) , Lesmond et al. (1999) , and others. We focus on noise trading and on transaction costs as sources of return predictability to trace out whether return predictability was mainly caused by recurrent changes in market sentiment or by structural features specific of Europe's stock markets for high-technology firms.
Noise Trading and Return Predictability
Noise traders are agents who behave "irrationally" in the sense that their investment decisions are not entirely determined by economic fundamentals. If a sufficiently large proportion of all traders acting in a stock market behaves as noise traders, then stock prices can, at least temporarily, deviate from economic fundamentals (DeLong et al. 1990 ). This deviation of stock prices from economic fundamentals can imply autocorrelation and, hence, return predictability. Specifically, return predictability can arise if noise traders follow so-called feedback trading strategies (Cutler et al. 1991) . Positive feedback trading involves buying stocks when prices have risen and selling stocks when prices have fallen. Negative feedback trading, in contrast, requires just the opposite: buying stocks when prices have fallen and selling stocks when prices have risen. Positive feedback trading should result in negative autocorrelation of returns because it gives rise to a short-run overreaction of stock market prices.
The theoretical model we used to analyze the implications of feedback trading for return predictability is based on Shiller (1984) and Sentana and Whadwani (1992) . Their models rest on the assumption that two different groups of traders populate a stock market. The first group of agents is called "smart money" traders because their demand for stocks is governed by risk-return considerations:
where denotes the proportion of smart money traders in the market, t Q , 1 α denotes the return at which the demand for stocks by smart money traders is zero, and t µ is the risk premium for holding stocks. If only smart money traders were active in the stock market then would equal one and stocks would be priced according to Merton's (1980) Capital Asset Pricing Model.
The second group of agents is feedback traders. Their demand for stocks can be described by the following equation:
where denotes the proportion of feedback traders in the market. If t Q , 2 0 > γ , then feedback traders adhere to a positive feedback trading strategy, i.e., they buy (sell) stocks when the prices of stocks have risen (fallen). If, in contrast, 0 < γ , feedback traders follow a negative feedback trading strategy, i.e,. they buy (sell) stocks when the prices of stocks have fallen (risen).
Upon invoking the assumption of rational expectations,
, and the condition for stock market equilibrium, 1
, one obtains the following difference equation:
where t ε denotes a stochastic disturbance term with mean zero and conditional variance . We assume a normal distribution for the disturbance term. We also assume that the dynamics of the conditional variance of the disturbance term can be described by means of a GARCH(1,1) process. 7 Upon defining and using a linear approximation of the risk premium, , one obtains the following equation:
This equation shows that if feedback trading is at the root of return predictability then there should be a close link between the conditional variance and the first-order autocorrelation of stock returns. Specifically, in the case of positive (negative) feedback trading, 0 > γ ( 0 < γ ), first-order autocorrelation of stock returns should turn negative (positive) if the conditional variance of stock returns is high.
We summarize the estimation results for the feedback-trader GARCH model in Table 4 . Results indicate that the coefficients that capture the interaction of autocorrelation of returns and the conditional variance are not significant with regards to blue-chip firm indexes, but are significant with regard to European stock markets indexes for high-technology firms. This result suggests that feedback trading may have been one of the factors specific to high-technology firms that caused the predictability of index returns in these markets.
-Insert Table 4 about here. -However, before jumping to premature conclusions, one has to take into account that the time-varying parameter model of Section 2 implies positive autocorrelation of the returns of European indexes of high-technology firms. According to the model advocated by Shiller (1984) , positive autocorrelation of returns would be consistent with negative feedback trading. In contrast, the results of the feedback-trader GARCH model imply, because 0 1 < γ , positive feedback trading.
-Insert Figure 5 about here. -To reconcile these seemingly conflicting results, we plot in Figure 5 the estimated conditional autocorrelation coefficient, , implied by the feedback-trader GARCH model. It can be seen that the conditional autocorrelation coefficient was negative only on a limited number of days during which stock 2 1 0 t h γ γ + market volatility was extremely high. Specifically, the estimated conditional autocorrelation coefficients turned negative mainly at the time at which the decline in stock prices on Europe's stock markets for high-technology firms began. For most of the time, however, the conditional autocorrelation coefficient implied by the feedback-trader GARCH model is, in line with the results implied by the time-varying parameter model, positive. From this we conclude that positive feedback trading was a dominant source of return predictability only on particular days. Hence, positive feedback trading does not explain the positive "base level" of the autocorrelation of Europe's stock markets for high-technology firms.
Transaction Costs and Return Predictability
We proceeded with our analysis by studying whether transaction costs explain the return predictability in Europe's stock markets for high-technology firms. To this end, we used a model developed by Mech (1993) . Mech's model is based on the insight that if transaction costs are an important source of return predictability, then stock prices should adjust rapidly to new information in periods when price changes are large relative to transaction costs. Mech's starting point is the following partial-adjustment model:
(
where is the price of a portfolio of stocks (i.e., the stock market index), is the "best" estimate of the price of this portfolio,
is the speed of price adjustment, which is allowed to vary over time. In each period, the prices of some of the stocks adjust to their "best" estimate, while others do not. As a result, portfolio value adjusts partially to its time-varying "best" estimates. If 0 = t λ then the price of a portfolio of stocks does not change in period t. Thus, new information is not priced in this case. In contrast, if 1 = t λ then new information is fully reflected in stock prices and, therefore, in the price of a portfolio of stocks. If 1 ≥ t λ , then arrival of new information induces a change in the prices of stocks and, in consequence, in the price of a portfolio consisting of these stocks that exceeds the price change indicated by the "best" estimate.
First differencing of equation (8) implies
is the "best" estimate of the continuouslycompounded returns of a portfolio of stocks. Thus, the observed return in period t is a combination of initial adjustment to new information, , and continuing adjustment to old information,
If information that was new in the previous period was fully included in all stock prices and, thus, returns in the previous period, i.e., if 1 1 = − t λ , then there were no further adjustment to old information because then 0 = t φ .
The coefficient measuring the speed of adjustment, t λ , is allowed to vary over time. Specifically, Mech (1993) has assumed that it is a function of the magnitude of absolute observed returns: The larger absolute observed returns are, the less important transaction costs should be, the faster stock prices should adjust, and, as a result, the larger the adjustment coefficient should be. A larger adjustment coefficient, in turn, implies a faster and more complete adjustment of stock prices to new information, implying that return predictability of a portfolio of stocks should become insignificant. Distinguishing between high and low absolute returns, the coefficient of the speed of adjustment can be specified as Estimation of Mech's (1993) model requires definition of a "best" estimate of the continuously compounded return of a portfolio of stocks. The choice of an instrument for this best estimate is not an easy task. Mech has used a large-firm portfolio as an instrument in his analysis. This reflects his assumption that transaction costs should be smaller for large firms than for small firms. In our analysis, we used returns on stock indexes of blue-chip firms because we found that returns of these indexes were not predictable. This suggests that these indexes adjusted instantaneously when new information arrived at the market. Specifically, we assumed , where denotes the return on indexes of blue-chip firms. (9), one obtains the following model that can be used to test whether transaction costs explain return predictability: .
(10)
The coefficient should be positive in the case of positive autocorrelation. The coefficient should be positive because high transaction costs imply that yesterday's returns unfold a positive effect on today's returns if there are large returns today. The reason for this is that, due to the assumed partial-adjustment model, information that arrived in the market in period t-1 has not been fully reflected in yesterday's returns. The coefficient should be negative because the coefficient is the average autocorrelation for large and for small absolute returns. However, if transaction costs matter for returns dynamics, than the coefficient overestimates autocorrelation in the case of large returns. The negative sign of the coefficient should correct for this overestimation. In a similar vein, the coefficient should be negative because the coefficient is the average autocorrelation for large and for small absolute returns observed in period t-1. The coefficient should be positive if our "best" estimate of the continuously compounded returns contains valuable information for stock markets for high-technology firms. Finally, the coefficient should be positive because, in the case of large returns, a larger proportion of the information captured by our "best" estimate of the continuously compounded returns is incorporated in the returns of our indexes of stock markets for high-technology firms. As indicated by estimation results presented in Table 5 , all our coefficients have the expected signs, although some of the coefficients are not significant. In particular, is never significant. Thus, in the case of high absolute returns in period t-1, returns in the period t-1 do not help in predicting today's return. The coefficient is significantly different from zero and negative for the Nouveau Marché, but not for the Nemax50 and the Techmark100. This implies that, with regard to the Nouveau Marché, when absolute returns in period t and period t-1 are high, returns of the period t-1 help predicting today's return. The coefficients and are significantly different from zero, and they are positive for all European stock markets for high-technology firms. The result that the coefficients and are small relative to the coefficients and indicates that stock prices adjusted much faster on days of large returns. As an alternative measure of we used returns on the NASDAQ in order to check the robustness of our results with respect to the choice of the "best" estimate of continuously compounded returns. Results are in general in line with the results reported in Table 5 .
Regarding the NEMAX50 and the Techmark100, the significance of the estimated coefficients is similar to that of the coefficients reported in Table 5 . Regarding the Nouveau Marché, however, the coefficient is insignificant and the coefficient is significant, implying that NASDAQ returns had only an impact on returns if returns were large. Results are not reported here but are available from the authors upon request. The fact that some of the coefficients of the model given in Equation (10) are not significantly different from zero should not be interpreted as evidence against the hypothesis that transaction costs were an important source of return predictability. The reason for this is that when interpreting the significance of the coefficients of our regression model, one has to take into account that our regression model contains regressors that are highly correlated. In particular, the regressors , , and are highly correlated. As shown by the regression results summarized in Table 5 , some of the coefficients of these regressors are not statistically significant. However, the results of Wald tests for joint insignificance of these coefficients are highly significant. We conclude that transaction costs were important for the dynamics of returns of European indexes stock markets for high-technology firms. Because the model fits best in the case of the Nemax50 and the Nouveau Marché, we further conclude that it is likely that transaction costs were more important in the German and in French segment for high-technology firms than in the British segment for high-technology firms. This result corroborates the conventional wisdom that the Techmark100 was more liquid and less beleaguered by problems due to, for example, the asymmetric distribution of information among investors and firms than the Nemax50 and the Nouveau Marché.
Overshooting of Returns
It is interesting to note that the coefficient in Mech's model exceeds unity.
One can think of at least two explanations for this result. The first explanation for the result is that our model may not capture all of the industry-specific characteristics of the high-technology sector. Specifically, our "best" estimate of continuously compounded returns, which we assumed to be given by returns on a stock market index of blue-chip firms, may not capture all developments in the high-technology sector. The second explanation for the result is that an overshooting in price adjustment to new information was characteristic of returns of European stock indexes for high-technology firms. Such an overshooting would be consistent with positive feedback trading on Europe's stock markets for high-technology firms.
To examine the first explanation more closely, we used a regression suggested by Ogden (1997) . To this end, we regressed the returns in Europe's stock markets indexes for high-technology firms on contemporaneous and lagged returns on the corresponding indexes of blue-chip firms:
where we assumed in order to ensure that the regression captures all 'old' common information contained in the current returns of the indexes for blue chip firms. The regression results are summarized in Panel A of Table 6 . As one would have expected, the magnitude and significance of the coefficients in this regression is in general an inverse function of the lag parameter k. Further, the magnitudes of the coefficients of determination (adjusted for degrees of freedom) of the regressions clearly reveal that indexes of blue-chip firms did not reflect all industry-specific information relevant to movements in the indexes of hightechnology firms. Notwithstanding, "market wide" information that gave rise to movements in the indexes of blue-chip firms was to a substantial extent reflected in movements in the indexes of high-technology firms. . These ratios can be interpreted as estimates of the fraction of stocks in indexes of high-technology firms that have, by time , incorporated information also incorporated in indexes of blue-chip firms that arrived between time and time . The ratios given in Panel B of Table 6 show that the indexes of Europe's stock markets for high-technology firms incorporated between 45% (Nouveau Marché) and 70% (Neuer Markt) of the information incorporated on the same day in indexes of blue-chip firms. After five trading days, the indexes of Europe's stock markets for high-technology firms incorporated between 85% (Nouveau Marché) and 94% (Techmark100) of the information also incorporated in indexes of blue-chip firms. From this, we conclude that most "market-wide" information embedded in indexes of blue-chip firms was, with a delay of a few days, also embedded in Europe's stock market indexes of high-technology firms. Thus, while our "best" estimate of continuously compounded returns, , certainly did not reflect all of the industry-specific characteristics of the high-technology sector, the information flow reflected in movements of was also highly relevant for movements of .
The second explanation for the result is that an overshooting in price adjustment to new information was characteristic of the returns of European stock
indexes for high-technology firms. Such an overshooting would be consistent with positive feedback trading. For example, one could argue that, consistent with the empirical evidence reported by Bohl and Reitz (2004) , feedback trading gained in importance when transaction costs were relatively unimportant, i.e., on days of exceptionally large returns. This argument implies that transaction costs were a key structural factor that gave rise to a positive and persistent "base level" of predictability, and that feedback trading arose whenever large transaction costs were relatively unimportant for the position-taking of feedback traders in European stock markets for high-technology firms. On a theoretical basis, this argument could be motivated by pointing to theoretical results derived by Balduzzi et al. (1995) and others. They have developed a model in which trading thresholds exist at which positive feedback traders' sell or buy orders are automatically executed. They have shown that, when traders anticipate the impact of these orders on return dynamics, stock price volatility tends to be high in the neighborhood of a trading threshold. Thus, in the neighborhood of a trading threshold, returns tend to be large and, in consequence, transaction costs tend to be relatively unimportant. As a result, transaction costs account for the "base level" of returns predictability and positive feedback trading accounts for return predictability in times of high stock market volatility.
Alternatively, one could argue that the importance of transaction costs was due to the fact that both informed traders and liquidity traders (Black 1986 ) acted in Europe's stock markets for high-technology firms. In the theoretical literature on noise trading, a conventional assumption is that liquidity traders often trade, and that they trade at disequilibrium prices that do not embed the latest information. For example, in the model developed by De Long et al. (1990) , liquidity traders act as positive feedback traders. Informed traders, in contrast, trade when the wedge between the actual stock price and the full-information equilibrium stock price is sufficiently large. The key point is that the exact meaning of "sufficiently large" may depend on the magnitude of transaction costs. Thus, as has also been emphasized by Ogden (1997) , when transaction costs are of a nonnegligible magnitude, the interaction of liquidity traders and informed traders may imply that information is fully reflected in stock prices only after a delay because informed traders wait longer before they step into the market, implying return predictability.
In order to study further the relative importance of transaction costs and positive feedback trading for the positive and persistent predictability of returns of indexes of Europe's stock markets for high-technology firms, we split up our sample into a pre-crash sample and a post-crash sample. We then estimated Equation (10) for the pre-crash and the post-crash sample. In order to study the pre-crash and post-crash period, we estimated Equation (10) for pre-crash period 1/1/1998-3/20/2000 and for the post-crash period 3/21/2000-2/4/2002. We found that splitting up the sample into a pre-crash and a post-crash sample does not affect the significance of the coefficients. Thus, with regard to significance of coefficients, the results for the two sample periods are similar to the results reported in Table 5 and are, therefore, not reported.
-Insert Figure 6 about here.-One interesting difference between the sample periods, however, is that the overshooting coefficient, , is smaller than one in the pre-crash sample, and larger than one in the post-crash sample ( Figure 6 ). Given that return predictability was prevalent during both sample periods, one would expect to observe overshooting in both sample periods if positive feedback trading was a major source of the return predictability. Thus, we conclude that, although positive feedback trading helps to explain the return predictability in periods of high stock-market volatility, it was not the only source of the return predictability. Transaction costs, in contrast, do account for the positive and persistent return predictability of indexes for European stock markets for high-technology firms in both sample periods. 21 b
Summary and Concluding Remarks
We have analyzed the return predictability of various European stock market indexes of blue-chip firms and of high-technology firms. In particular, we have analyzed the DAX30 and the Nemax50 from Germany, the CAC40 and the Nouveau Marché from France, and the FTSE100 and the Techmark100 from the United Kingdom. We have found strong evidence for return predictability of European indexes of stock markets for high-technology firms by measuring predictability in terms of the first-order autocorrelation coefficient of returns. We have found that the first-order autocorrelation coefficient was persistently positive in the case of returns of indexes of high-technology firms. There was no evidence for autocorrelation and, thus, return predictability of indexes of blue-chip firms. Interestingly, we have found that return predictability of indexes of stock markets for high-technology firms changed only slightly during the 1990s. Moreover, we have found strong similarities between Europe's stock markets for hightechnology firms. Yet, there are also some interesting differences, for example, with regard to autocorrelation fluctuations over time. Specifically, while the autocorrelation coefficient of the Nemax50 did not change in times of high share prices, those of the Nouveau Marché and the Techmark100 did.
We have proceeded by analyzing potential sources for the predictability in returns of Europe's stock markets for high-technology firms. We have focused on two potential sources of return predictability: positive feedback trading and transaction costs. Our results indicate that positive feedback trading contributed to return predictability during phases of high stock market volatility. However, positive feedback trading alone cannot explain the persistent and positive return predictability of European stock markets indexes of high-technology firms in the 1990s.
We also have found that transaction costs are likely to be an important source of the positive "base level" of return autocorrelation in Europe's stock markets for high-technology firms. Our empirical results suggest that it took time for stock prices of high-technology firms to fully embed new information that arrived at the market. Specifically, we have found that on days of large returns, stock prices of high-technology firms tend to adjust faster than on days of small returns. This finding indicates that transaction costs were of minor importance for return dynamics on days of large returns, but of major importance for returns on days of small returns. Interestingly, we have found, in the case of stock markets for hightechnology firms, evidence for an overshooting of prices in response to the arrival of new information. Thus, the specific way in which new information was processed in these markets may have been a main source of return predictability.
Overshooting of stock prices raises the question of whether regulations in general and listing requirements in particular gave rise to the return predictability of indexes of European stock markets for high-technology firms by lowering the effectiveness of information processing. While listing requirements might explain the return predictability of the Nemax50 and the Nouveau Marché, they do not help in explaining the return predictability of the Techmark100. The reason for this is that this index is part of the Main Market at London Stock Exchange. Of course, this does not rule out the possibility that regulations of primary markets may help in explaining the return predictability in Europe's stock markets for high-technology firms. Analyzing this possibility is left to future research. Our study sets the stage for such research. 
, where denotes the stock market index and log denotes the natural logarithm. AR(i), i=1,…,4 denotes the coefficients of autocorrelation of order i. The Qstatistic denotes the Box-Lung statistic for autocorrelation of first-order. LM-ARCH(i) denotes Engle's (1982) Lagrange multiplier test for autocorrelation of order i in squared returns. The Jarque-Bera (JB) test is a test for normality of the unconditional returns distribution. *** (**) denotes significance at the one (five) percent level. The sample period is 1998/1/1 to 2002/2/4. 15.853 0.008*** 5.074 0.008* Note: For a description of the tests for stability of the coefficients in a regression of returns on a constant and lagged returns, see Andrews and Ploberger (1994) and Hansen (1997) . *** (**,*) denotes significance at the one (five, ten) percent level. The sample period is 1998/1/1 to 2002/2/4. Note: This table reports the results of estimating the feedback-trader GARCH model described in Section 3.1 by maximum likelihood. tstatistics based on Newey-West standard errors are given below coefficients. *** (**,*) denotes significance at the one (five, ten) percent level. 
